The role of the hepatitis B virus (HBV) endogenous pre-core protein in liver fibrosis is controversial. Whether the expression of the pre-core induces the activation of human stellate cells (HSCs) has not yet been reported. Plasmids expressing HBx, or pre-core protein were transfected into LX-2 cells. Subsequently, total RNA extracted and reverse transcription-quantitative polymerase chain reaction was performed to measure the fold change of collagen type I, α1 chain, α-smooth muscle actin and TIMP metalloproteinase inhibitor-1. Moreover, transforming growth factor (TGF)-β in the supernatant of HSCs was evaluated by ELISA assay. In addition, a MTT assay was performed to test the cytotoxicity of the endogenous expression in LX-2 cells. None of the plasmids exhibited cytotoxic nor significant proliferative effects on LX-2 cells by MTT assessment. The gene expression analysis of fibrotic genes in LX-2 cells demonstrated that the pre-core protein presented no significant (P>0.05) fibrotic impact when compared to the empty control plasmid and HBx. The data from the TGF-β ELISA was consistent with the mRNA expression as detected with the control plasmid (P>0.05). The endogenous expression of the HBV pre-core exhibited no fibrotic impression in HSCs when compared to HBx.
Introduction
Liver fibrosis that progresses by excessive deposition of the extracellular matrix, is a frequent consequence of chronic liver damage following hepatitis B virus (HBV) infection (1, 2) . Among liver cells, human stellate cells (HSCs) serve a key role in the development of liver fibrosis (2) . While the molecular mechanism of fibrosis induction by hepatitis C virus (HCV) is well described and is mostly attributed to core and NS3 proteins (3), the responsible HBV proteins and underlying mechanisms remain obscure. The direct influence of HBV proteins in the fibrosis process requires further investigation (4) .
In spite of some reports concerning fibrotic roles of HCV core protein (5) (6) (7) (8) , the impact of the HBV core protein (HBc) on HSCs is described poorly. The HBc is the primary structural unit of the capsid, consisting of 185 amino acids. The carboxyl terminal region (aa 150-185) has previously been demonstrated to interact closely with the viral RNA pre-genome or DNA genome (9) . The HBV core protein has been identified to exhibit a tendency for inflammation in the liver site, with previous studies demonstrating that truncation of the core by removing this carboxyl end reduces inflammation (10) (11) (12) .
The research concerning the effect of the HBc protein on fibrosis is limited. Sequencing data using patients sample suggested that core protein mutations of the C-terminal domain contribute to the stage of fibrosis due to functional alterations (13) . The protein structure of core and HBe proteins are homologous. The exception is the pre-core sequence in HBe, which helps protein to be secreted from host cells. A recent study stated that HBe gene exhibited fibrosis when transfected into a rat stellate cell line (14) .
As hepatic stellate cells demonstrated to be a transient supportive site of HBV infection/replication in vitro (4) it is noticeable if endogenous pre-core expression in human HSCs establish a fibrosis process or not. Several previous studies provided direct evidence that HBV could replicate and express structural proteins in HSCs cells (4) . As plausible mechanism of fibrosis, mechanism behind endogenous expression of core and related derivatives may clarify molecular paths for fibrosis as well as new targets. Furthermore, the exact role pre-core protein needed to be investigated.
Materials and methods
Cell culture and plasmids transfection. The immortalized human stellate cell line, LX-2, was provided by Professor Scott Friedman (Mount Sinai School of Medicine, New York City, NY, USA). It displays typical features of partially active stellate cells that can be employed as a sustained model for HSC research (15) . The cells were cultured and maintained on
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virus pre-core in hepatic stellate cells 25 cm 2 plastic tissue culture flasks in low glucose Dulbecco's modified Eagle's medium (DMEM; Gibco; Thermo Fisher Scientific, Inc., Waltham, MA, USA) supplemented with 2 mM L-glutamine, 100 U/ml penicillin-streptomycin (Gibco; Thermo Fisher Scientific, Inc.), 5% fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.) and incubated at 37˚C in 5% CO 2 air humidified atmosphere. The pCAGGS plasmids expressing pre-core and HBxAg proteins was kindly provided by Dr. Gloria Gonzalez-Aseguinolaza [Centro de Investigación Médica Aplicada (CIMA), Universidad de Navarra, Pamplona, Spain] and were named pCAG-pre-core and pCAG-X, respectively. The expression analysis of both plasmids has previously been performed at this center by western blot analysis or reverse transcription-quantitative polymerase chain reaction (RT-qPCR) assays (unpublished data).
LX-2 cells (4x10 5 cells) were seeded in six-well plate and, following 24 h, when it reached 80% confluence, they were transfected with 1 µg DNA plasmid using Lipofectamine 2000™ reagent (Invitrogen; Thermo Fisher Scientific, Inc.) in serum free DMEM medium, according to the manufacturer's instructions. At 6 h following transfection, the medium was changed with fresh complete DMEM medium and the plate was left for further 18 h. A group of cells (equal number to test groups) was treated by 75 ng/ml human leptin, a pro-fibrotic hormone (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), was used as a positive control. Hence, cells that were transfected by empty pCAG plasmid in a separate well enrolled as negative control group and designated as the 'plasmid group'.
Cell proliferation assay. The MTT assay was performed to determine the effect of different components on activated LX-2 cell proliferation as described before (16) . In brief, 7.5x10 3 cells were seeded into 96-well plates, before being transfected by Lipofectamine reagent. The cells were incubated at 37˚C in humidified CO 2 incubator for 48 h. At 2 days following incubation, supernatants were changed to fresh medium and 10µl MTT (Sigma-Aldrich; Merck KGaA) at a concentration of 5 mg/ml. Dimethylsulfoxide (CinnaGen, Inc., Tehran, Iran) was added to each well and absorbance was determined by dual wavelengths of 570 and 630 nm on a microplate ELISA reader (BioTek Elx 808; BioTek Instruments, Inc., Winooski, VT, USA). Percentage inhibition of proliferation was calculated as follows: % inhibition = 100 -[(absorbance of test/absorbance of control) x 100].
RNA extraction and reverse transcription. Total RNA was extracted from treated cells 36 h post TGF-β activation, with the help of TRIzol reagent (Invitrogen; Thermo Fisher Scientific, Inc.) according to manufacturer's protocol. Total RNA was treated with RQ1 DNase (Promega Corporation, Madison, WI, USA) to avoid residual DNA contamination. The cDNA synthesis was made by RocketScript RT Premix kit (Bioneer Corporation, Daejon, Korea) based on manufacturer's protocol. The prepared cDNA was stored at -20˚C condition until use.
RT-qPCR expression analysis. The primer pairs for α-smooth muscle actin (α-SMA), collagen type I, α1 chain (COL1A1), TIMP metalloproteinase inhibitor 1 (TIMP-1) and GAPDH quantification were described and listed previously (17) . The GAPDH gene was used as reference of normalization in all samples while H 2 O as a negative control and RNA mixture were included in each run. The mRNA levels were relatively quantified using SYBR-Green I master mix (Takara Bio, Inc., Otsu, Japan) by the help of StepOnePlus Real-Time PCR system (Applied Biosystems; Thermo Fisher Scientific, Inc.). The reaction mixtures prepared according to recommended protocol and amplification reaction was performed in 40 cycles of 10 sec at 94˚C for denaturation and 25 sec at 58˚C for the annealing step. The threshold value for each sample was normalized to the GAPDH signal, and then the 2 -∆∆Cq equation was used for relative expression assay of mRNAs, which finally was presented as fold-change (18) .
ELISA assay for TGF-β1 measurement. At ~36 h following LX-2 cell activation with TGF-β, released bioactive TGF-β1 in supernatant was measured by the help of the Human-Mouse TGF-β ELISA kit (eBioscience, Inc.; Thermo Fisher Scientific, Inc.) according to the manufacturer's instruction. All the samples were first acid-activated before starting the method and background TGF-β1 level (due to adding TGF-β for HSC activation) was deleted from final analysis. The absorbance was measured at 450 nm by ELISA reader (BioTek Instruments, Inc.; Elx 808) and then data was calculated against standard curve and adjusted to pg/ml of culture medium.
Statistical analysis. Statistical analysis was conducting using
GraphPad Prism (version 5; GraphPad Prism Software, Inc., La Jolla, CA, USA) that used a one-way analysis of variance to evaluate the differences between means. The statistical significance between controls and test groups was evaluated by Tukey's post hoc test and P<0.05 was considered to indicate a statistically significant difference.
Results
No significant proliferation was induced by the pre-core gene in LX-2 cells. To compare the anti-proliferative effects of plasmid expression, LX2 cell viability was measured by MTT assay. Whereas the proliferation inhibitory impact of all constructs was detectable on activated HSCs, the significant impact was not detectable for all constructs. (Data not shown).
Pre-core sequence induced a negligible fibrotic effect. The mRNA expression levels for pro-fibrotic genes including TIMP-1, COL1A1, α-SMA were quantified by RT-qPCR following exposure. As presented in Fig. 1 , activated LX-2 (the cells incubated with leptin as positive control) displayed an increase in production of the extracellular matrix including α-SMA, COL1A1 and TIMP-1 by 4.3-, 3.9-and 3.1-fold, respectively. Hence, it was demonstrated that the HBX gene, another HBV protein, also exhibited a significant fibrotic impact (P<0.01) by 2.2-, 2.3-and 3-fold compared to control plasmid group or untreated cells. In contrast, the pre-core protein exhibited no significant effect with an expression upregulation of 1.3, 1.2 and 0.9 for a-SMA, collagen type 1 and TIMP-1, respectively (all P>0.05) when compared to both plasmid control group and untreated cell group, as depicted in Fig. 1 .
Pre-core sequence did not up-regulate TGF-β1 production. Following plasmid transfection, TGF-β1 cytokine production was evaluated in culture supernatants by ELISA assay (Fig. 2) . The result indicated that, with the exception of leptin treatment, all constructs left no significant impact on TGF-β1 production on LX-2. In addition, the data indicated that the cell with no treatment also produced a measurable level of TGF-β1 (230 pg/ml).
Discussion
Fibrosis is an outcome of elongated liver damage, arising from HBV chronic infection (19) . Similarly, prolonged infection of HBV in a mouse model may consequently develop fibrosis in liver (20) . Hepatic HSCs accounted as the most important components in the establishment and progression of fibrosis. The alteration of their gene expression patterns are responsible for extracellular matrix subversion, which ultimately leads to fibrosis progression (21, 22) . The molecular mechanism of fibrosis by HBV is not clearly clarified and the direct role of corresponding viral proteins in the process of fibrosis is also debated (23) . Therefore, the study of the interaction of HBV proteins with this lineage of cells may facilitate the understanding of causes and give new opportunity to take control of it.
In one study, HBV-like particles were identified in the LX-2 cellular cytoplasm with electron microscopy and, while HSCs were permissive for virus replication, productive replication of HBV does not occur (4) . Regarding the transient supportive role of HSCs in HBV replication (4), it would be interesting to understand whether endogenous pre-core expression in human HSCs establishes fibrosis. A previous study provided direct evidence that HBV could replicate and express structural proteins in HSCs cells (4) . In spite of different reports concerning the profound role of HCV core protein in liver fibrosis, the impact of HBV core protein remains to be elucidated in HSCs (5) (6) (7) (8) .
Some previous studies demonstrated the definitive fibrotic role of the HBX protein on HSCs in vitro (24) (25) (26) . However, the fibrotic role of other HBV proteins is not understood and requires more investigation. The core protein presented an inflammatory action in the liver, therefore it may be predicted that it serves a role in the fibrosis process. Furthermore, previous works demonstrated that truncation of the core from the carboxyl end reduces inflammatory property of protein (10, 27) . The carboxyl terminal region (aa 150-185) interacts closely with the viral RNA pre-genome or the viral DNA genome and regulates virus replication (9) . Sequencing data also suggests that core protein mutations of C-terminal domain Figure 1 . The results of gene expression analysis in LX-2 cells, investigating (A) α-SMA, (B) COL1A1 and (C) TIMP-1. The pre-core sequence exhibited no significant change in expression levels of fibrotic molecules in LX-2 cells, when compared with the plasmid control and untreated cell groups. HBx significantly presented its fibrotic role, as expression of pro-fibrotic molecules increased when compared with other groups, such as pre-core group (P<0.01). Each bar is representative of the mean ± standard deviation for at least 3 measurements and the result presents the fold increase/decrease. * P<0.05, ** P<0.01 and *** P<0.001. α-SMA, α-smooth muscle actin; COL1A1, collagen type I, α1 chain; TIMP-1, TIMP metalloproteinase inhibitor-1; NS, not significant. Figure 2 . Effects of different hepatitis B virus genes on TGF-β production. In spite of the leptin positive group that significantly induced cytokine production, the HBX and pre-core groups presented no significant difference to any of the negative control groups. ** P<0.01 vs. all other groups. Normal cells (negative untreated control). Each bar is representative of the mean ± standard deviation. TGF-β, transforming growth factor-β; NS, not significant.
contribute to further progression of liver fibrosis due to function alteration (13) . A recent study by Zan et al (14) claimed that the HBe protein, the homologous antigen of core protein exhibited a fibrotic role in vitro. To the best of the authors' knowledge, no reports about the pre-core gene have been published thus far.
The present study demonstrated that, similar to previous efforts, HBX upregulates α-SMA, COLIA1 and TIMP-1 expression to a level comparable with leptin, a fibrosis inducer (24) (25) (26) . Those reports employed HBX protein from a transfected hepatocyte supernatant, however, the current study investigated the endogenous HBX expression effect on fibrosis genes following direct HSC transfection.
The primary outcome of the paper involved the investigation into the possible effect of pre-core on LX-2 cell fibrotic gene expression. Assessment of endogenous expression of the HBV pre-core protein in HSCs and evaluation of subsequent fibrosis has not been researched prior. Some methodological limitations should be considered when interpreting these results. For example, the authors could not analyze protein expression or relevant secreted forms from supernatant.
These data indicated that the pre-core protein presented a negligible fibrotic property when compared to the control plasmid. In comparison to normal LX-2 cells, transfected cells using different plasmids demonstrated little fibrotic effect due to DNA structure. Gene expression analysis of COL1A1, α-SMA and TIMP-1 demonstrated that expression of the pre-core protein exhibited a similar pattern of fibrosis to control groups. The authors conclude that the pre-core gene does not perform a fibrotic role during the fibrosis process of HBV. However, to further confirm of these in vitro achievements, more investigation in a suitable animal model is required.
